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DRAFT MEMORANDUM TASK 1.9(F)

TO: Robert LeVar/AWWU

FROM: Floyd Damron/ANC

DATE: January 23, 1990

RE: Point Woronzof WWTP NPDES/301(h) Renewal
Fecal Coliform Bacteria and Total Chlorine Residual Analysis
Task 1.9(F)

PROJECT: ANC17412.Q5

INTRODUCTION

The Anchorage Water and Wastewater Utility (AWWU) is preparing a permit renewal
application for the S-year period ending 1995 for the Point Woronzof WWTP. The
Environmental Protection Agency’s (EPA) NPDES/301(h) permit renewal process has
requirements for the state. The state is required to provide a letter confirming that
AWWU’s proposed modified discharge will comply with applicable provisions of state
law, including applicable water quality standards. AWWU is requesting the Alaska De-
partment of Environmental Conservation (ADEC) to provide Alaska’s letter to EPA.

ADEC has requested that AWWU analyze effluent fecal coliform bacteria counts and
chlorine residual concentrations for historical data from the Point Woronzof treatment
plant. This will assist their evaluation of the proposed modified discharge. AWWU is
proposing to modify the existing diffuser by adding three 18-inch reducing nozzles to
the existing 23-inch ports. The requested analyses are to determine how well the treat-
ment plant has been meeting the existing discharge permit requirements and to calcu-
late how well it can meet new permit requirements, The results of the analyses will be
used by ADEC to establish the new NPDES permit discharge and mixing zone require-
ments for fecal coliform bacteria and residual chlorine.

This draft memorandum for Task 1.9(F) presents the results of the analyses requested

by ADEC. Our permit renewal recommendations are contained in the last section of
this memorandum.

STATE OF ALASKA REQUIREMENTS

The existing NPDES/301(h) permit has the following requirements:

81WPSOAWWLIL50
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"LA4.  Page 4 of 41, Permit No. AK-002255-1

4. The Alaska Department of Environmental Conservation (ADEC) has
designated the following mixing zones:

a. Fecal coliform bacteria. A circle with a radius of 245 m centered
on the diffuser. Outside this zone, the fecal coliform limit of 14
FC/100 ml (based on a minimum of five samples taken in a peri-
od of 30 days) shall be met.

b. Residual chlorine. . . . this zone is approximately three-fourths of
a circle, centered on the outfall, with a radius of 600 m . . .

- § The following effluent limitations shall apply:

Effluent Unit of Monthly  Weekly Daily
Characteristics ' Measurement  Average  Average Maximum

Fecal Coliform Bacteria FC MPN/100 ml 850
Total Residual Chlorine mg/l 12 - 1.4

- "Geometric mean of at least five samples. Not more than 10% of the samples shall exceed

2,600 FC MPN/100 mlL"

The ADEC requirement for total residual chlorine concentration to be met at the edge of the
600 meter mixing zone is 0.002 mg/l, or 2 ugl. This concentration is based on Alaska'’s re-
ceiving water quality criteria. The monthly average fecal coliform limit of 850 FC MPN/100

~ml is based on a mixing zone dilution ratio of approximately 60:1 and a limit of 14 FC/100 m}

(60.7 X 14 FC/100 ml = 850 FC/100 ml). The permit requirement that ten percent of the
samples not exceed 2,600 FC MPN is based on a dilution ratio of approximately 60:1 and a
limit of 40 FC/100 ml at the edge of the state mixing zone (65 X 40 FC/100 m! = 2,600
FC/100 ml).

BINAWPSOMWWU.50
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ANALYSIS OF EXISTING DATA

100000  grmmmrrrrr v ; :
The reported fecal coliform, chlorine ’

residual, and flow data for the existing
permit period, October 1985 to May
1989, were analyzed to develop rela-
tionships to allow prediction of future
allowable fecal coliform and chlorine
residual concentrations in the effluent
at the diffuser. Figures 1 and 2 show
the results of this analyses,
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| According to the Handbook of Chlori-
nation, 2nd Edition, effluent coliform s IR BRT b S GRS 1 :
concentrations are an inverse function o 20 40 80 80 100
of RT, the product of chlorine resid- AT value (CI2 X Detention Time)'
ual (R) and detention time (T). The
Point Woronzof treatment plant chlor-
ine residual (R) is determined from a
grab sample that is pumped to the
treatment plant from a point near the
beginning of the outfall pipeline. The 100000 " sl ~
detention time (T) is based on efflu- p ool

honthly Geomelric Mean Califor Count /100 mi

1005 CI2 - 1.2 My

Fig. 1 Estimated geometric mean fecal coliform
based on RT value.

ent flow rate and size of the channels, 10000 _ Vo 7 M0 Limit 4D FG/00MI Edulve)ene i
tunnels, and pipelines downstream of = d {
the chlorine injection point. 8

1000 4

This inverse function of RT was eval- ;
uated for 561 reported final effluent 100 |
chlorine residval and fecal coliform § ]
counts and for a geometric mean of
the reported monthly fecal coliform
counts. Ten or more fecal coliform i
samples were taken at Point 1

Woronzof each month. Q 100 200 300
AT value (CI2 X Detention Tima)
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Figure 1 shows the plot of the : Fig. 2. Estimated fecal coliform count based on RT
monthly geometric mean fecal coli- value

form count versus RT value. The
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lowest solid line is the geometric mean of coliform count based on the regression relation with !
the RT value. The middle solid line is the 95% prediction limit, and the upper solid line is ¢ o
the 99% prediction limit. (Note that, for Figure 1, the prediction lines are slightly curved be-” x°
cause the lines extend well beyond the range of the data. Additionally, tables of statistical

values for Figures 1 and 2 are presented at the end of this memo.)

Figure 2 shows the plot of fecal coliform count versus RT value. The lower diagonal solid
line is the best fit regression relationship of coliform to RT. Ninety percent of all coliform
values fall below the upper diagonal solid line. (Less than 10% of the samples exceed the
245 meter dilution times 40 FC/100ml [206x40 = 8,240).)

FUTURE CONDITIONS
Detention Time

Detention time (T) is calculated by modeling the wastewater flow through each of the hydrau-
lic structures downstream of the location where chlorine is added. A liquid chlorine solution
is added immediately upstream of the Point Woronzof Parshall flume approach channel.

Since the hydraulic structures downstream of the chlorination point are existing, and no new
structures are proposed, the flow rate is the only variable in the detention time calculation.

The Municipality of Anchorage is experiencing a lower rate of population growth and resul-
tant wastewater flows than were anticipated in 1984 when the new diffuser was designed.

(The year 2005 peak day design flow was predicted to be 128 million gallons per day [mgd].)
Based on current population projections by the Anchorage Economic Development & Plan-

- ning Department, the anticipated year 1995 wastewater peak day flow rate is 67 mgd, and the
year 2005 wastewater peak day flow rate is 76 mgd. Table 1 shows calculated detention times
for 1995 and 2005 flows rates.

BIAWPSOAWWU.50
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Table 1
DETENTION TIME

Flow, mgd Type of Flow Year Detention Time (T), min

30 Average Day 1995 88

67 Peak Day 1995 40

35 Average Day 2005 76

76 Peak Day 2005 35

128 1984 Estimated 2005 21
Peak Day

Dilution

The dilution ratios for the 1990-1995 permit period will be much higher than the 60:] dilution
ratio used in the 1985-1990 permit period for several important reasons:

+ Reduced Flows.-The Point Woronzof treatment plant is cxpericnc_ing slower growth
in effluent flows due to the decreased rate of Anchorage population growth.

»  Modified Diffuser--The proposed addition of 18-inch reducing nozzles to the three
23-inch diffuser ports will increase the effluent discharge velocity.

»  Dye Study--The 1988 dye study results provide greater dilution analysis reliability.

As a result of the reduced wastewater flows compared to the flows predicted during thf:
treatment plant expansion' design (see Table 1) AWWU is planning to install three 18-inch re-
ducing nozzles on the trifurcated diffuser. The nozzles are proposed to be 1n§talled slunng
the 1991 construction season. These nozzles will increase the diffuser port exit velocity and
effluent dilution in upper Cook Inlet.

In July 1988, a dye study was conducted i pper Cook Inlet at the Point Wloronz.of .trifur-
cated diffuser. The results of this study were compared to various mathematical dilution
models. The EPA model UDKHDEN, adjusted for the effect of the surface and sea floor,
most closely modeled the results of the dye study and was selected to predict dilutions at fu-
ture flows. This is discussed further in four memorandums, Task 1.9 (A), (B), (C), and (D),
from CH2M HILL to AWWU.

B1IT\WPSOAWWLL50
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Ditutions of various effluent flows and distances ,::, ]
were predicted using the adjusted EPA initial a0 F.._ ;
dilution model UDKHDEN. Input to this w & L
model included the characteristics of the modi- W A :
fied diffuser and data from the 1988 dye Rl
The analyses are presented in the Tesk 19 (E) 2™ €
memorandum, dated May 5, 1989, from CH2M g™ N T
HILL to AWWU. The dilution analyses have 5 :';: N
been reviewed and have received tentative N & (
approval by EPA Region X. P : <
220 A |
The dilution model UDKHDEN was used to a0 } e
predicted effluent dilutions at the existing 10 [ - : ‘ ' i i
ADEC designated permit mixing zones of 245 . D o, e ?
and 600 meters. The relationship between dilu- s .
tion and flow for these two mmng zOnes is Fig. x 3 Dilution 1atio 245 meters from
shown on Figures 3 and 4. outfall. |
e
Tota) Chlorine Residual
* The future allowable effluent chlorine residual o J
was calculated using the predicted UDKHDEN 860 i ‘
600 meter dilution (see Figure 4) at the pro- 860 : |
jected year 1995 peak day flow rate of 67 mgd, 540 i\” [
times the receiving water standard of 2 ug/l - N : |
(0.002 mg/l). This calculation results in a future § !
allowable effluent chiorine residual of 0.9 mg/l g :‘; | S i s |
(0.002 mg/l times 452). ADEC has agreed 10 & sa 1 ] |
consider a mixing zone with a larger radius SO 5 =0 r \\ll |
the peak day chlorine residual can remain at 1.2 @ *® ! e, |
mg/], the existing permit limit. ADEC has also - t T R
requested that caleulations be made for a chlo- :: l 7 J
rine residual of 1.0 mg/l so 2 comparison can be S
made. &0 - & B
10 E il 50 0
FLOV, g
Fig. 4 Dilution ratio 600 meters from |

outfall.
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COMPLIANCE WITH PERMIT REQUIREMENTS
Fecal Coliform Bacteria
" i isti dilution, the amicipated RT values
redicted futuré effluent characteristics and \ ; R et
3: %’ld gxgdﬁzepﬂfg :md 48 minutes mg/ (10 and 12 m]gfl, R, times 40 minutes, T) Thes
values are shown as certical dashed lines on Figures an
nt are based on the pﬁﬁmﬂd dil ’

concentrations in the efflue

The allowable fecal coliform
tons at the 245 meter state mixing zone boundary fo
standard of 14 and Y MPN/100 mi Each is sho

Figures 1 and 2.

The test we used t0 determine if future plant discharges

two part test:

« To meet the 14 FC MPN/100 ml
meter mixing zone, the monthly ge
exceed 2,900 FC MPN/100 mi (14
this requirement will no
mgd.

. To meet the 40 FC MPN/100 ml permi
meter mixing zone, no more than 10% of the fecal

ometric mean at

90% prediction is below 8,200 FC MPN/ 100 ml at

Therefore, this requireme

Both parts of the i-part test can b
67 mgd is discharged from the Point Woro

Total Residual Chlorine

The ‘control of residual chlorine (R) in the effluent from a
sensitive to variations in the effluent quality and flow rate.

gj::x:t tr;;iduals. Based on the expen’ence of the opcraIOTS
. they need an efffuent chlorine residual range of abou

mits. Additionall
flow rates th y, the analyses re
an - rese :
are projected for t}Ix)e Pefrici(tj on F‘gul' €s
renewal periOd

r a flow raté ©
Wi as 2 horizo

will meet permit requirement

permit requirement at the

t be exceeded for the year 1995 pe

t requiremen

nt will not be exceeded for year

e met when the predicted year 1
nzof treatment plant.

67 mgd times the permi
ntal dashed line of

s was a

_edge of the state’s 243
the predicted RT value cannot -

ak day flow rate of 67

coliform samples can exceed

primary treatment plant is very i

This is especially true at low ef-
at the Point Woronzof treatment

(03 gl o it T

land 2 are based on data from lowé;

b
H

ThCl e i i t . I g
« %

i

¢ at the edge of the state’s 245

8,200 FC MPN/100 ml (40 FC times 206 dilution ratio). Figure 2 shows that the =
the predicted 1995 RT values.

1995 peak day flow rate,

995 peak day flow raté of  ‘

EC times 206 dilution ratio). Figure 1 shows that
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versus fecal coliform count relationship will be
somewhat different at higher treatment plant »
flow rates. (Some treatment processes may not
be as efficient at higher flows.) Therefore, the
new permit should maintain the existing total
chlorine residual limits of a monthly average of
1.2 mg/.

=00
400 = //
>
7

/n/
/’/

Based on the estimated future effluent flow

rate, the predicted daily average dilution, and

the total chlorine residual requirement at the

edge of the mixing zone, total effluent residual

at the diffuser can be estimated for various flow
 rates and mixing zones. The results of these ° 2w 00 a0 o

computations are presented on Figures 5 and 6. FAON TR, e

Figure 6 shows that, for the year 1995 peak .

daily flow rate of 67 mgd, a mixing zone radius Fig.

of 820 meters is required. At 820 meters, the

total chiorine residual in the effluent is diluted

from 1.2 mg/ to 0.002 mg/A (2 ug/). If ADEC

reduces the allowable effluent chlorine residual 1.3

to 1.0 mg/, Figure 6 shows that a mixing zone
L8

with a radius of 680 meters will be required.
1.9 o
/ . ’7/
e,

0.2
plume is long and narrow, with some widening 4 /
when the current changes direction. Hourly o /
plots of the plume shape over a 24-hour period " w0 500 0 5w
are presented in ouf Memorandum, Task hssond b it
1.9(E), to AWWU.

DIALY AVERAGE DILUTION RATIO

5. Distance - Dilution ratio for
various outfall flows.

- Shape of the Mixing Zone

The shape of the mixing zone is determined by
the tidal currents in upper Cook Inlet. These
cutrents are strong and, as the tide changes, re-
verse in less than one hour. The effluent

EFFLUENT CHLORINE RESIDUAL, mgy |

Fig. 6. Distance from outfall to meet
Figure 7 shows the size and shape of the pro- 2 ug/l chlorine limit for various
posed new mixing zone for the 1990-1995 flows and effluent chlorine
permit period. residuals.

81IN\WPSONAWWU.50
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NEW NPDES PERMIT REQUIREMENT RECOMMENDATIONS
Fecal Coliform Bacteria

The Point Woronzof WWTP discharges have been and are predicted to be in compliance with
ADEC permit requirements for fecal coliform bacteria counts at the edge of the 245 meter
mixing zone. Based on dye study results and dilution modeling, the year 1995 peak flow of 67
mgd will have a 245 meter dilution ratio of 206:1. Using the ADEC fecal coliform bacteria
permit requirements, the following should be included in the renewed NPDES/301(h) permit:

Effluent Characteristic Unit of Measurement Monthly Average

Fecal Coliform Bacteria FC MPN/100 ml 2,900°

*Geometric mean of at least 5 sample. Not more than 10% of the samples shall exceed 8,200
FC MPN/100 ml.

(14 FC times 206 = 2,884 FC; 40 FC times 206 = 8,240 FC)

Total Residual Chlorine

The total residual chlorine should be at or less than the ADEC water quality standard of 2
ug/l at the edge of the 820 meter radius mixing zone for the year 1995 peak day flow rate of
67 mgd. This can be met for the improved discharge if the renewed NPDES/301(h) permit
has the following total residual chiorine requirements:

Effluent Characteristic Monthly Average Daily Maximum

Total Residual Chlorine* 1.2 mg/ 1.4 mg/l

*The mixing zone is described on Figure 7.

BIMWPSMWAWWLU.50
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RESIDUAL CHLORINE MIXING ZONE
AREA < 1,108,000 SOUARE METERS,
820 METER RADIUS, CENTER 30
METERS BEHIND THE DIFFUSER,
WITH LOWER [I5° SECTOR
REMOVED AND.UPPER SEGMENT
REMOVED

245 METER RADIUS FECAL
COLIFORM BACTERIA MIXING
ZONE RADIUS, CENTER ON
THE DIFFUSER A

MEAN SEA LEVEL

WORONZOF n
FEET
Q0 1000 2000 3000
_—_____———
R 05
o 500 1000
METERS

Fig. 7. Proposed mixing zones for fecal coliform bacteria
and total residual chlorine.
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Table 1
REGRESSION STATISTICS FOR FIGURE 1

Table 2
REGRESSION STATISTICS FOR FIGURE 2
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